DETERMINATION  OF  THE  ELASTIC  CONSTANTS  OF  INHOMOGENEOUS 
MATERIALS  WITH  X-RAY  DIFFRACTION 


Ismail  Cevdet  Noyan 


Distribution  of  this  document 
is  unlimited 


DISTRIBUTION  STATEMENT  A  | 

Approved  te  pubUe  relearn*  I 
Dtotrlbattoe  Unlimited 


DTIC 

fSk'l-ECTElk 
^DEC  10  1984jj 

B 


S. 

Z^<£> 


Xj8  5\>^ 


Reproduction  in  whole  or  in 
part  is  permitted  for  any 
purpose  of  the  United  States 
Government 


EVANSTON,  ILLINOIS 


84  11  26  3  4 


DETERMINATION  OF  THE  ELASTIC  CONSTANTS  OF  INHOMOGENEOUS  MATERIALS  VITH 

X-RAY  DIFFRACTION 

I.  C.  Noyau 

Departaent  o f  Materials  Science  and  Engineering 
The  Technological  Institute 
Northwestern  Universi ty 
Evanston  III.  40201 


ABSTRACT 


^  Esperiaental  4a tarainat ion  of  tha  alastie  constants  is  of 
fundaaaatal  iaportanco  in  residual  stress  analysis  with  i-rays. 
Such  constants  arc  usually  taraad  "i-ray  alastie  constants*.  In 
eartain  aatarials  changes  have  bean  observed  in  those  alastie 
constants  as  a  rasnlt  of  plastic  deforaation.  However,  sinoa 

Y  y  .  rj: 

for  soaa  of  snob  oases  tha  "d^vs.  il&rtr  plots  nsad  in  tha 
analysis  wars  not  linear,  as  predicted  by  theory,  bat 
oscillatory,  the  aeaning  of  these  variations  was  not  folly 
sndarstood.  In  this  paper  tha  aeaning  of  *s-ray  alastie 

O 

inad  froa  aatarials  with  oscillatory  *d* 


constants*  obta 

XJ\< 

vs.  plots  is  esaainad.  It  is  shown  that  s-ray 


diffraction  analysis  is  a  powerful  tool  that  can  be  used  to 


deteralne  the  "effective  alastie  constant 


s-^of 


the  aaterial 


it iga  tii 


iterial  is  lshoaogeneeus. 
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INTRODUCTION 


X-ray 

dl f fraction 

techniques 

are  used 

widely  in 

non-destructive  aeasurenent  of  residual  stresses 

product  ion 

operations 

such  as 

shot-peening. 

gr  lading, 

quench! ng 1 . 

Currently 

there  are 

several  s-ray 

methods  for 

measuring  residual  itrutii  that  utilise  different  assumptions 
as  t o  the  stress  stats  existing  in  the  near-surface  tapers 
sampled  by  the  s-ray  beasl-5.  ah  0(  these  techniques,  however, 
utilise  an  interateaie  spacing  "d"  in  the  aaterial  as  an 
internal  strain  gage  and  deteraine  the  strain  tensor  esisting  in 
the  surface  layers  froa  the  slope  of  the  "d*  vs.  sin’^'  line. 
The  residual  stress  tensor  is  than  oaleulated  through  the  use  of 
Hooke's  law. 

This  procedure,  ef  sourse,  requires  that  the  appropriate 
elastic  constants  ef  the  aaterial  be  known  accurately.  The 
elastic  constants  used  in  the  s-ray  deteralnation  ef  residual 
stress  are  called  ■s-ray  elaetie  constants"  and  are  usually 
aeasured  by  s-ray  di ff raetiont .  When  measured  data  is  not 
available,  these  constants  can  be  oaleulated  froa  single  crystal 
elaetie  constants  using  procedures  given  by  Voigt  ,  Reuse  ,  Hill 
,  er  Kroner)* *.  A  review  of  the  literature  shows  that  in  sene 
oases  the  aeasured  values  do  not  fall  between  the  Reuse  and 
Voigt  Halts  as  postulated  by  theory).  In  other  cases  a  large 
dependence  ef  aeasured  elastic  constants  on  plastic  deforaation 
OS-dO  %  for  hardened  steel  undergoing  uniasial  plastic 
deforaation))  has  been  observed,  while  in  ether  studies  no  sueh 
dependence  was  found).  Since  in  nest  ef  the  eases  discussed 


Above  *o  ortor  analysis  ol  tho  results  art  given  er.  in  soma 
eases,  elastie  constants  are  calculated  Iren  esoillatery  “ d* 
vs.  sis  data,  tbs  easses  el  these  aneaalies  are  net  clear. 


la  this  gaper  the  aeaning  el  the  "s-ray  elastie  constants" 
obtained  Irea  analysis  el  oscillatory  *d"  vs.  sin'^  data  is 
investigated.  It  will  be  shown  that  even  lor  esoillatery  "d” 


i.  sin1”/'  data,  entrant  t 


echniqnes  1< 


elastic  oonstant 


de terainat ion  aeasnre  the  total  linear  elastie  response  el  the 
aaterial  in  qnestion  to  an  applied  load.  The  s-ray  elastie 
eoastants  determined  Iron  sneh  data  are  'elieotive  elastic 
constants1  and  contain  eontr ibstions  tram  the  shape  and 
erientation  distr ibntions  ol  the  eonstitntive  grains  o 1  the 
aaterial.  The  possible  oanses  lor  the  variation  ol  i-ray 
elastie  eoastants  with  plastic  deloraatioa  are  also  diseossed. 


THEORY 


Assume  that  a  homogeneous,  normal  stress  Ojj  ,  which  is 
below  the  elastie  limit,  is  applied  to  the  boundary  ol  a 
residual-stress- free  testured  aaterial.  At  a  point  A  in  tho 
Interior  ol  the  aaterial  will  eanso  the  strains  .  The 


strain  £• 


the  sum  el  two  eomponents: 


Here  1,^  is  the  homogeneous  elastie  strain  that  would  be 
observed  11  the  stress  was  applied  to  a  homogeneous  isotropic 


notarial.  £;j  ,  the  reaction  ituii  component,  trim 

ktttaii  ti  th*  variation  of  elastie  constants  along  a  given 
direction  in  tho  sorfaeo  piano  of  tbo  saaplo.  Consider  figora  1 
whore  sin  grains  of  various  orientations  along  a  surface 
diroetion  (  )  are  shown.  If  those  grains  wore  s objected 

separately  to  <Tj.  on  their  boundaries,  oaoh  would  have  a 
different  strain  £*  along  .  related  to  through  the 

general  Hooke 'r  law*.*. 


These  different  strains  indioate  different  displaeeaents  in  the 
different  grains.  However  in  a  solid  body  where  grains  are  in 
rigid  oontaot,  displaeeaents  across  a  grain  boundary  along 
aust  bo  constant  in  erdor  to  avoid  having  voids,  and  a 
reaetion  stross  field  constraining  the  possible  displaeeaents 

a 

arises  and  causes  tho  reaotion  strains  The  aagnitudo  of 

tho  reaction  stresses  (and  henoe  the  reaotion  strains)  depend  on 
the  differonee  between  the  displaeeaents  that  have  to  be  aade 
eoapatible  at  a  point  and  varies  froa  point  to  point  sineo  the 
effect  of  surrounding  grains  at  oaoh  point  is  different. 
However  as  long  as  the  total  stross  at  a  point  is  lower  than  the 
aloreseople  elastle  Halt  at  any  point,  tho  aagnitudo  of  tho 
reaotion  stresses  and  strains  at  any  point  will  bo  direotly 
proportional  to  tho  applied  stress. 

Thus  if  a  hoaogenoous  stress  (3^  in  the  £|  diroetion  is 


applied  at  the  boundary 


of  Ik*  Mliriil,  tk«  ooaponents  of  the  ittiia  tensor  it  any 
point  A  in  the  notorial  nay  bo  expressed  as: 


*uCM-Ua  <\ : 

£u(M*v*  s^°.  j 

(3) 

ws  <•. 

£tt ^  u.  * 

£*i  U.j.V  *  ®?»*  ^  (***»*^ 

Aoro  i,  y,  s  aro  tho  coordinates  of  tho  point  A  with  rospoot  to 
a  coordinate  systea  describing  tho  snr(aeo(  and  X|  <s,y.s)  aro 
tho  proportionality  eonstants  at  A  between  tho  applied  load  and 
tho  resulting  roaetion  strains.  Tho  eonstants  X^*  ,  X£  , 
X^  nay  bo  finite  depending  on  tho  syaaotry  of  the  constitutive 
grains  ef  the  material*.  Also  in  eortain  oases  the  local 
syaaotry  ehangos  as  ono  approaches  a  grain  boundary  10  .  In  the 
following  discussion  it  is  assumed  that  X {  >Ij 

If  tho  material  also  has  an  inhoaogenoous  residual  stress 
distribution  the  total  elastic  strain  ej.  at  a  point  will  also 
have  a  residual  strain  eoaponant  in  addititon  to  the  strains 
caused  by  tho  applied  stress.  Thus  for  this  ease  equations  (3) 
bo  ooao : 

whore  £/j<i,y,t)  is  the  residual  strain  at  the  point  (s,y,s). 


Now  assuao  that  this  aaterlal  is  placed,  applied  stress  and 


•  11  ,  oa  •  dll  fraetoaeter  and  •  bin  of  s-rays,  (who**  odgo* 

•attnd  froa  X,  to  Xj  along  to  Yj  along  §2  ***• 

which  ponotrato*  a  dlstane*  along  Into  tho  aateria 1),  1* 
osod  to  ltafort  tho  average  strain  along  in  tho 

\  oooxdinato  systoa,  whioh  aakes  tho  anglos  and  "P  with  tho 
saapl*  coordinate  systoa  5',  (fig.  2).  This  is  dons  by  aaasuring 
tho  lattice  spacing  d^  along  (  *  and  thon  obtaining  tho 

average  strain  along  Iron: 

,  v  tA+r>  “cJo 

^  ^33  ^  (5) 

whore  dQ  is  the  vnstressod  lattice  spacing,  and  carats 
represent  averages  over  tho  diffraeting  voloae. 

Tho  relationship  botwoon  the  avoraga  strains  in  the 

saapl e  coordinate  systoa  and  the  average  strains  aeasvred  by 
a-rays  in  the  laboratory  coordinate  systoa  is  given  by  the 
tr ansforaa tion  role  for  tensors  of  second  rank: 

33^r=  (A) 

For  ^  »Q  ,  and  -0^*  >  svbstitntlng  tho  aetnal  values  for  the 

direction  cosines  a^  ,*3^  into  the  above  eqnation: 

<4y  \  <**%  -  <f»%l 


(7) 


The  strain*  (tij)  in  equation  <?>  »M  related  to 

the  strains  at  a  point  (equations  3,4)  through  equations  of  tho 


Hors  Cij  (n  ,j  ,ti  is  ths  strain  at  point  ts, y,s>  in  a  diffracting 
grain  in  ths  irradiated  voluao,  V-  is  ths  selva*  of  this  grain. 
Its)  is  a  function  rslatiag  ths  variation  of  diffracted 
intensity  te  depth  (s),  and  is  ths  total  nuabsr  of  grains 
diffracting  at  a  tilt  angle  ^  .  Ths  suaaation  is  used  instead 
*f  aa  integral  sines  the  diffracting  grains  ars  act  nscsssarily 
contiguous.  It  aust  also  hs  noted  that  hseauso  s-rays  nay 
pons t rats  to  a  different  depth  (s)  for  saoh  *f  -tilt  duo  to 

b 

absorbtioa*  and,  for  finite  bean  sises,  the  intersection  of  the 
tilting  spociaon  with  tho  beaa  changes  tho  dlaensions  , 
Tf.  irradiated  voluae  is  also  a  funotion  of  the 
tilt  angle  "  ^ ■ .  This  scans  that  paraaeters  that  at*  a 
funotion  of  voluao  can  also  bo  ospressod  as  a  funotion  of 


The  evaluation  of  tho  average  s-tay  strains  la  teras  of  tho 
strains  at  a  point  is  ostoreaoly  ooaplieatod  sineo,  to  date,  the 
eaact  nature  of  tho  eoupliag  teras  in  equation  (!)  is  not 
Known*.  However  by  inspection  of  equations  Cl),  (3)  and  (4)  it 


t 


train  aay  bo  written  in  teras  of 


the  average  strain  components  contributing  to  it: 


<e,j>  *  <*<p 


(?) 


or,  froa  aquations  3,1,9: 

^  a  oj,  •  |  ■—  +  Jj  +  tfu) 

<  *  <’  j  -  i  +  K,cyjJ  f  <f«> 


and  siailar  aquations  nay  bo  written  for  tha  othar  tasas  of  tha 
jtrain  tansor.  Kara  K;(^J  is  tha  average  proportionality 
eonstaat  daseribing  tha  average  rosponsa  (described  by  aquations 
3,0  of  the  population  of  grains  diffraeting  at  tilt  angla 
Tj  to  an  applied  load,  and  Is  tho  average 
(inbonoganaous)  rosidual  strain  in  this  population. 

ly  substituting  aquations  (10)  into  aquation  (7)  tha 
relationship  between  tha  applied  stress  and  tha  naasurad  strain 
is  obtained: 

<£»V-  =  [<’  \  'Z?  +  -  M*)] 

1  a.0  L 

*  <*->-«*>]•  snYj  + 

+ 

Since  are  not  eonstaat  in  sia^s  ,  aquation  11  dasorlbas 
a  function  that  is  noa-linaar  in  .  On  tha  other  hand,  in 
a  henoganaous  aatarial  tha  interaction  tarns  are  saro  by 


dednition  and  (or  a  hoaogonoous  residual  stxoss  distribution 
the  tarns  art  constant  (or  all  "f  tilts,  thus  (or  this 

ossa  a  linasr  "d"  as.  sin^  plot  will  bo  obtained. 

!(  a  linear  least-squar as  lino  is  (ittod  to  the  data, 
described  by  aquation  (11),  (as  Is  usually  dona  in  practice),  it 
is  assuaed  that  tha  (unction, 

describes  the  rolationsbip  between  d  and  aia1^  .  More  o  is  the 

randan  error  eonponont .  The  regression  paxanators  jS-x  arc  then 

obtained  (ron  the  equation: 

A 

X  -  "W)  (Jy.-  Jy) 
a.  ft.  j  j  2  r*. 

A  _ 

y  (  -  S/nl  %  ) 

J  J  '  ( 1 3-a) 


y  - -  (U-b) 

A’  Jy.-  J3.-  J,*Vj 


whore  n  is  the  nunbar  of  tilts  and: 


It  aust  be  noted  that,  kteati*  a  "linear"  tit  it  forced  oa 


oscillatory  data,  the  paraaeter •  can  net  be  ealled 
■slope"  and  "intercept"  ef  the  least-squar es  tine  in  the 
traditional  seme  <e.g.  as  in  the  conventional  analysis  of 
linear  "d"  vs.  sin plots).  Here  they  are  siaply  aatheaatieal 
tunotions  described  by  equations  <13  a,b). 


Substituting  equation  <11)  into  equation  <13-a>  we  obtain: 

tl 


Jal 


+  *,<.%)  -  ±  2  { ( *-*)  t  k  Wj)- 

-  w-f  > 

~Z ^  +  ,  Cj*  si-f^ 


whieh  ean  be  written  siaply  as: 


/*,=  < s<(‘±r-  *;&))*$<.<(■>$) 


<1  A> 


Where  the  luaetion  S,^  it  aB  average,  defined  by 

equation  13,  ef  the  teras  *5? .  Th.  t.ra  %  is  an 


lidual  sti 


A  siailar  equation  ean  be  written  for  J30  .  However  this 
is  aero  ooaplioated  and  will  not  be  treated  here. 


froa  equatlen  li  it  is  seen  that  the  variation  of  the 
paraaeter  jlf  with  applied  load  C^,  is  linear.  The  slope  of 
the  vs.SjJ  ;  is  a  aeasure  of  the  average  elastic 


of  tha  inhoaoqeneous  material  to  an  applied  load  and 


contains  tha  intaraetion  tarns  Thus  it  is  not  an 
aiastie  oonstant  (  Sj^j^  ,  >  in  tha  strict  sansa  dafinad 
by  linaar  elasticity  theory.  In  figure  3,  "d"  vs.  •  i plots 
for  oc-brass  (a),  ^-brass  (b),  1001  stoat  (e>  and  I07S  steal 
(d)  loadad  in-sito  on  a  di f f ractoneter  to  various  aiastie  loads 
are  shown.  Tha  variation  of  tha  paraaatar  fit  oaleulatad  froa 
these  eurvas  vs.  appliad  load  for  thasa  aatarials  is.  shown  in 
figure  4.  The  "s-ray  elastic  constants"  obtained  froa  figure  4, 
and  average  aacroscopie  elastic  constants  calculated  froa  single 


crystal  aiastie  constants  for  thasa  aatarials  in  tha  Voigt! 

(constant  stress  in  all 


(constant  strain  in  all  grains),  Reuss3 
grains),  and  Kroner!  (anisotropic  precipitate  coupled  ta  an 


isotropie  aatria)  Halts  are  given  in  table  I. 


01 SCUSS10N 

Tha  differences  between  tha  average  elastic  constants 
calculated  froa  single  crystal  values  without  taking  coupling 
effects  into  aoeount,  and  those  obtained  froa  the  esperinental 
procedure  described  above  are  aeasures  of  the  reaction  stresses 
(and  strains)  caused  by  the  inhoaogenei ty  of  the  naterial  in 
question.  It  is  thus  seen  that  a  study  in  the  variation  of 
"s-ray  elastic  constants"  with  plastic  defamation  for  a  given 
npeciaen  is  really  a  study  of  the  change  in  the  inhonogeneous 
distribution  of  crystallographic  directions  (and  the  grains) 
along  a  direction  in  the  surface  coordinate  system,  and  the 


constraining  effect  such  a  distribution  has  on  the  strains 


caused  by  an  applied  stress.  It  daring  ths  study,  the  plsstie 

defamation  causes  changes  in  this  distribution  such  that  the 

average  reaction  stresses,  and  hence  KiW)  changes,  the  "s-ray 

elastic  constants”  will  change  also.  In  fact  one  should  not  use 

the  tern  "elastic  constants”  for  these  paraaeters  when  they  have 

been  evaluated  froa  osoillatory  ”d”  vs.  sin*^  plots,  where  the 

oscillations  are  due  to  the  reaction  stresses  generated  by  , 

since,  in  this  ease  they  are  not  fundaaental  aaterial  properties 

that  depend  only  on  the  interatoaie  forces  like  C  or  0  ,  but 

also  contain  siaple  configurational  paraaeters.  If  the  plastie 

deforaation  is  such  that  the  inheaogeneous  residual  strains 

r 

£f,j  change,  but  the  coupling  constants  are  not  affected,  then  no 
change  in  the  ”s-ray  elastic  constants”  will  be  observed  since, 
even  though  such  a  residual  strain  (or  stress)  distribution 
causes  oscillations  in  ”d”  vs.  ,  the  residual  strain 

distribution  itself  is  not  a  function  of  the  elastio  loads 
applied  (after  plastic  deforaation)  during  the  aeasureaent  and 
will  affect  only  the  intercept  of  the  J2,  vs.  6^  plot  (equation 
(14)). 


The  configurational  paraaeters  contributing  to  suoh 
"effective  elastic  constants”  aay  have  two  aain  eoaponents.  The 
shape  distribution  of  the  grains  in  the  aaterial  is  one  of  the 
possible  eoaponents.  Vail  has  treated  the  of  foot  of  the 
iaolusion  shape  on  the  average  elastic  aoduli  ef  a  two  phase 
asterlal  and  deterained  that  disk  shaped  precipitates  cause  a 


significant  inerease  in  tl 


For  a 


testured  aaterial  the  non-randoa  distribution  of 
crystallographic  directions  (and  hence  elastic  aoduli  > 


within  the  aatorial  voluae  will  also  contribute  to  such 
‘iflittiT*  olastio  constants". 

One  otbor  conclusion  f roa  this  lino  of  reasoning  is  that 
even  if  the  oscillations  in  *i"  vs.  si*1^  plots  froa  two 
snaplos  of  the  saao  aatorial  look  alike,  unless  the  shapes  of 
nay  precipitates  that  aight  bo  present  and  the  distribution  of 
crystallographic  directions  in  the  constitutive  grains  of  the 
aatria  along  surface  directions  are  the  saae  for  both  speciaens, 
and  in  both  eases  the  oscillations  are  doe  to  the  saae  effect, 
they  aay  not  have  the  saae  "n-ray  elastic  constants".  In  fact 
such  effective  elastie  constants  aay  be  different  along 
different  surface  direetioas  of  a  given  speeiaea. 

It  avst  be  eaphasi sed  that,  even  thoogh  it  is  possible  to 
aeasnre  the  effective  elastie  constants  of  a  featured  aatorial 
aeeerately  along  any  direetion  in  the  speciaen  surface  asing 
a-ray  aethods,  these  constants  aay  not  be  used  to  deteraine  the 
residual  stress  state  by  s-rays.  This  is  due  to  the  fact  that 


whea  "d"  vs.  sin'*/'  is  oscillatory  the  stress/strsln  state  is 
inhomogeneous  11  and  an  average  value  for  an  inhoaogeneous 


distribution  (where  the  distribution  function  is  not  known!,  is 
of  dubious  utility.  Rather,  one  aay  utilise  the  s-ray  elastie 
constant  aeasureaeats  tor  such  aaterlals  tc  deteraine  the  effect 
of  shop*/ or  lent  at  ion  distributions  on  the  elastic  properties  of 
a  given  aatorial. 


CONCLUSIONS 


1)  Convent  i  onal  methods  of  "s-ray  elastio  constant" 
determinat ion  measure  the  total  olootio  rosponoo  of,  tho  aotoriol 
•ndor  analysis  whothor  tho  "d"  to.  «lnt’r//  plot*  obtained  from 
this  aatortal  art  linear  or  oseillatory.  For  both  ol  those 
eases  the  plot  of  applied  load 
vs.  1 inear-least-sguares-regression-parameter  will  bo  linear  as 
long  as  the  test  is  earrisd  oat  within  the  elastic  range. 

2)  "X-ray  elastic  constants"  obtained  from  oscillatory  "d" 
vs.  min*^  plots,  where  the  osoillations  are  due  to  the  reaction 
stresses  (caused  by  an  applied  stress)  eontain  configurational 
parameters  in  addition  to  Young's  modulus  and  Poisson's  ratio 
and  are  not,  in  a  strict  sons*,  "elastic"  constants.  A  bettor 
name  for  sach  constants  may  be  'effective  elastic  constants'. 

2)  Tho  eonf iguratlonal  parameters  contributing  to  these 
effeetive  elastio  constants  may  be  doe  to  shape  and/or 
crystallographic  direction  distribntions  of  the  constitutive 
grains  in  the  material. 

()  If  daring  plastic  deformation  the  distribution  of 
crystallographic  directions  in  individual  grains,  or  the  shape 
ef  any  preeipitates  along  snrfaeo  direetions  changes,  such 
change  may  reflect  in  the  configurational  parameters  and  cause 
an  apparent  ehange  of  (s-ray)  "elastio  constants"  with  plastic 
deformation. 

9)  If,  on  the  other  hand,  in  a  given  sample  plastic  deformation 
only  changes  the  residual  stress  distribution,  but  does  not 
effect  the  distribution  of  crystal lographic  orientations  or 
precipitate  shapes  along  surface  directions,  there  will  be  nc 


change  in  *i«ny  iliitie  constants"  with  plastic  iaioraatlti. 

4)  Tha  interact i an  yauutata  saa  mat  ha  evaluated 

easily  (ran  first  principles  tiaea,  in  order  ta  ealenlata  tha 
interaction  aaong  nen-rantfaa  eoaposlte  elements,  tha  taindary 
value  problems  af  elasticity  anat  first  ha  salvad  .  Tha  s-ray 
average  af  tha  fields  calculated  by  thasa  aalatiana  anat  than  ha 
calculated  using  a  faraala  similar  ts  (•>. 
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r I CURE  CAPTIONS 


!i jit(  1:  Crain*  with  ratios*  cry* tal logr »ph i o  oritntations 
alonf  a  saapla  coordinata  S(  Th«  strain*  (train)  in  aaeh 
train  in  raspons*  to  a  unifora  appliad  atrass  at  tha  boundary 
<  )  will  ba  diffarant  da*  ta  Hooka1*  law. 

Figaro  3:  Dafinition  of  tha  spaeiaan  Sj  and  laboratory 
eooxdinato  systaas. 

Figure  S:  “d“  vs.  *i plots  at  various  load*  froa 
alpha-brass  (a),  beta-brass  <b).  1001  ataal  <o>,  1075  staal  (d>. 
The  spoeiaons  war*  loadsd  in-situ  on  tha  dl I f r aetoaatar .  for  a 
description  of  tho  apparatus  saa  rafaxanoo  7. 


Figaro  4:  Variation  of  ragrassion  paraaatar  (datorainad  froa 
figuxas  3  a,b,o,  d)  vs.  appliad  load 


K.  *V  *V^  %  *.  *•  •«. 


Table  1:  talk  ilntio  constants  (lev)/£  (Mpa1)  calculated  Iron  single  crystal 
elastic  coaplianoes  in  carious  Halts  and  obtained  Iron  figures 
1  a.b.o.d. 


Table  1 

Calculation 

A1 pha-Br ass* 

Beta-Brass* 

1001  Steel** 

1075  Steel*** 

Halt 

(220) 

(21 1  > 

(211) 

(211) 

TOIGT* 

7. 77.10-4 

7.42*.  10-4 

5.  43. 10-4 

5.43. 10-4 

BE'JSS* 

1.20. 10-4 

1.75.10-4 

5. B4. 10-4 

5.04.10-4 

XRONE1* 

1.07.10-4 

1. 14. 10-4 

5. 71.10-4 

5. 71.10-4 

EXPERIMENTAL* 

7. 70.10-4 

4.474.10-4 

4. 17. 10-4 

4.04.10-4 

*  Esperiaental  data  obtained  fro*  respective  phases  of  a  40-40  Cu-Zn  speciaen, 

aaebined  froa  cold-rolled  sheet.  This  oonfiguration  aasiaises  the  interaction 
ooeffioioats  Kjl.'f'J. 

••  Speciaen  aaohined  froa  as-received  cold-rolled  plate. 

Speoiaen  solution-treated  •  740*C  for  2  hrs.  to  facilitate  carbide  precipitation, 
then  grit-blasted  to  randoaise  the  surfeee  and  annealed  at  450* C  for  45 
•iautes. 

e  The  total  (statistical  plus  geoaetrle)  error  assoeiated  with  each  value  is 
less  than  151.  The  equations  used  In  error  calculations  are  froa 
reference  7. 
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,4  ‘  •  *  •  *  e  *  •  '  •  •  "  «  '  •  *  «  *  •  *  •  *  •  •  « 


V  >> v  V  V  *>  V  >' v\*  V  •• 


'  i  * 


d (220)  fl  d (220)  R  d(220)  R 


1.3069 


1.3068 


1.3067 


1.3070 


1.3069 


1.3068 


1*3067 


1.3072 

1.3071 

1.21070 

* 

1.3069 

1.3068 

1.3067 


0.3 

SIN2  PS 


1 

f 


<Jl211)  R 


ti  i\\l) 


os»106.Mpa 


a«192.Mpa 


[2*.  6»OU» 
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paper  the  meaning  of  "x-ray  elastic  constants"  obtained  from  materials  with  oscillatory 
"d"  vs.  sin1*  plots  is  examined.  It  is  shown  that  x-ray  diffraction  analysis  is  a 
powerful  tool  that  can  be  used  to  determine  the  "effective  elastic  constants"  of  the 
material  under  investigation,  even  when  the  material  is  inhomogeneous. 
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